The role of gonadal hormones and persistent pain (formalin test) in the regulation of interferon-γ (IFN-γ) production in splenocytes was investigated in male and female rats. Animals were either sham-operated (Intact) or gonadectomized (GDX) and, 3 weeks later, were subcutaneously injected with formalin (50 µl, 10%) or only pricked with a syringe needle in the dorsal hind paw. Sixty minutes after treatment the animals were deeply anesthetized and the spleens were dissected under aseptic conditions. Blood was collected from the abdominal aorta for measurement of plasma steroids. IFN-γ production was determined in vitro in the splenocytes after Con A stimulation. Splenocytes of Intact females showed higher IFN-γ production than those of Intact males. This sex difference disappeared in GDX animals because of the lower levels in GDX females. Formalin decreased IFN-γ in both Intact and GDX groups. In females, there was a positive correlation between IFN-γ production in splenocytes and plasma estradiol levels. The present data demonstrate a sex difference in IFN-γ production (due to the immunostimulating effect of estradiol in females) and an immunodepressive role of pain in both sexes.
INTRODUCTION
Humoral immunity, cell-mediated immunity, allergy, autoimmunity, and natural killer activity in both rodents and humans are less marked in males than in females (Grossman, Roselle, & Mendenhall, 1991; Sakai, Sakabe, He, & Seiki, 1995) . This dimorphism appears to be based on the differences in type and concentration of sex steroids in males and females and to the specific receptors for sex hormones present in organs responsible for the immune response (Wichmann, Zellweger, DeMaso, Ayala, & Chaudry, 1996a; Olsen & Kovacs, 1996; Green, Dahlqvist, Isenberg, Strausbaugh, Miao, & Levine, 1999) . Cytokines, potent pleiotropic multifunctional proteins mainly produced by activated immune cells, play a role in modulating neuronal and endocrine activities. They act in a predominantly paracrine manner to integrate and coordinate cellular responses (Vitkovic, Bockaert, & Jacque, 2000) . Among cytokines, interferon-γ (IFN-γ) plays a crucial role in the modulation of a variety of immune functions and inflammatory responses (Young & Hardy, 1995) ; moreover, it has also been shown to modulate neuronal activity and pain (Xu, Hao, Olsson, Kristensson, van der Meide, & Wiesenfeld-Hallin, 1994; Dafny, Prieto-Gomez, Dong, & ReyesVazquez, 1996; Robertson, Xu, Hao, Wiesenfeld-Hallin, Mhlanga, Grant, & Kristensson, 1997) .
There are sex differences in pain, with women showing a higher number of chronic pain syndromes than men (Berkley, 1997) . Similarly, in experimental animals, pain threshold and tolerance were found to be lower in females than in males (Berkley, 1997) . Moreover, in rats, formalin-induced behavioral responses, such as licking and flexing of the injected paw, were found to be longer in females than in males (Aloisi,
